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Abstract: The rapid development of technology coupled with humanity’s desire to reach beyond
terra firma, has resulted in more than 60 years of Outer Space activities. Although the exploration of
space has provided many advantages and benefits to society so far, including vast, new information
that has greatly added to our understanding of our planet and beyond, unfortunately, mankind’s
footprint has negative aspects that need to be minimised as much as possible. In recent decades,
a major worldwide problem has emerged in regard to the significant increase in light pollution
from ground-based illuminations, as well as a lack of proper regulatory frameworks to mitigate
the issue in order to protect the night sky and astronomical research. More recently, due to the
escalating demand of air space for microsatellites and the rapid development of these new space
technologies, as well as unmanned aerial vehicles (UAV), a new problem has arisen connected to
visual light pollution (VLP). New Zealand has been especially affected, as, because of its dark skies,
it has the third highest number of astronomical observatories in the world. The aim of this research
is to identify critical areas for broader investigation; an action plan to improve the impact of new
technologies is urgently required, not only at a national level but also worldwide. This is crucial in
order to preserve humanity’s right to access the night sky and to also enable continual professional
and amateur night-time observations for the present and the future, as well as for New Zealand to
become a Dark Sky Nation.

Keywords: light pollution; visual light pollution; astronomical observations; astrotourism; light
pollution abatement; microsatellites; unmanned aerial vehicles; lighting ordinances; sustainable
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1. Introduction

For its small population, land mass, and isolated location, New Zealand has a high
number of astronomical observatories [1]. It also has four officially confirmed International
Dark-Sky Association’s (IDA) Dark-Sky Places [2-5]: the Aoraki Mackenzie International
Dark-Sky Reserve (Figure 1), Aotea/Great Barrier Island Dark Sky Sanctuary (Figure 2),
Rakiura/Stewart Island Dark Sky Sanctuary (Figure 3), and the Wai-iti Recreational Reserve
and Tunnicliff Forest Dark Sky Park, with another 18 places currently aspiring to become
recognised dark sky destinations [6].

The International Dark-Sky Association’s (IDA) Dark-Sky Places conservation pro-
gramme was established in 2001 by the IDA—one of the oldest and most recognised
grassroots organisations in the world. Its mission is to preserve and protect the night-time
environment and the heritage of dark skies through raising awareness about the impor-
tance of darkness at night, and to provide education and guidance about quality outdoor
lighting [7]. This programme aims to “encourage communities, parks and protected areas around
the world to preserve and protect dark sites through responsible lighting policies and public educa-
tion” [8]. There are five categories that the IDA awards distinctive labels to, in recognition
of dark sky efforts: (1) International Dark-Sky Communities, (2) International Dark-Sky
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Parks, (3) International Dark-Sky Reserves; (4) International Dark-Sky Sanctuaries and (5)
Urban Night-Sky Places.

Figure 1. Mt. John Observatory, located within the Aoraki Mackenzie International Dark Sky Reserve
(AMIDSR) in New Zealand, including part of the Crux (also known as Southern Cross, visible above
the coal sack nebula). The Crux constellation can be seen throughout the year in the Antipodes in a
bright part of the Milky Way. Source: Matt Searles, Green Man Creative.

Figure 2. Aotea/Great Barrier Island, New Zealand’s first Dark Sky Sanctuary. Great Barrier has no
streetlights and all power is self-generated. Source: Mark Russell.
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Figure 3. The Aurora australis as seen on Rakiura/Stewart Island—an IDA recognised Dark Sky
Sanctuary. (Rakiura means glowing skies in Maori.) New Zealand has two dark sky sanctuaries (both
of which are islands) out of ten sanctuaries that exist worldwide. Source: Sandra Whipp, Stewart
Island Photography:.

According to information provided by Stats NZ Tatauranga Aotearoa, which is the
country’s government public service department responsible for the collection of statistics,
light pollution levels in 2014 were estimated as low (Figure 4). Additionally, “ ... based on
land area, 74 percent of the North Island and 93 percent of the South Island had night skies that
were either pristine or degraded only near the horizon” [9].

Figure 4. Night-time view of New Zealand taken from the International Space Station on 23rd
October 2017, showing how much dark country exists; the only bright areas of illumination are
coming from urban areas and other human settlements. Source: The Earth Science and Remote
Sensing Unit, NASA Johnson Space Center.
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New Zealand’s largest export industry before the COVID-19 pandemic was tourism [10,11],
generating 21 percent of profits made from exporting goods and services in the international
marketplace. (This includes the sustainable practice of astrotourism, which brings people
closer to nature, encourages appreciation for the nightscape, and fosters an interest in
astronomy via the preservation and conservation of unpolluted dark skies [12]. The
definition of astrotourism also includes tourists who pay to travel into space.)

In 2018, tourism alone achieved $16.2 billion, which was 5.8 percent of the New
Zealand’s gross national product (GDP). This translated into providing new jobs for around
230,000 people (8.4 percent of the total number of people working in the country) [13].

Because thousands of people visit places to observe starry nights [14-16], astro-
tourism has become a new and important reason to protect the quality of the nocturnal
skyscape [17].

Further supporting the public’s awareness of the value of the night sky and cultural
heritage, Matariki—the Maori name for the constellation Pleiades and the Maori New
Year—became a national holiday in 2021 [18].

The above information aligns with New Zealand’s aims to become a Dark Sky Nation.
This important concept was made public for the first time at the New Zealand Starlight
Conference held in Takapo (Tekapo), in the AMIDSR, in October 2019 [19]. Therefore,
to support this goal, the objective of this article is to assess the regulatory frameworks
for counteracting man-made light pollution in New Zealand, and to identify possible
shortcomings in this area that require legislative intervention, so that this beneficial mission
is not unduly hindered.

2. Definitions Related to Man-Made Light Pollution

Because of the development of humankind in the Anthropocene era [20], many new
phenomena have been discovered, which require correct understanding based on their
commonly agreed definitions. In 2001, the first global view of light pollution was pub-
lished in the “The first World Atlas of artificial night sky brightness” by Cinzano, Falchi and
Elvidge, based on radiance-calibrated high-resolution DMSP satellite data and on accurate
modelling of light propagation in the atmosphere [21]. This work was then improved
upon in 2016, with the first cloud-free mosaic images of the Earth taken by meteorological
satellites including the Suomi NPP [22] (Figure 5). These images clearly reveal that 83% of
the world’s population is living under light polluted skies [23]. The term light pollution
(LP) produced from ground-based illumination was defined as recently as 2011, by the
International Commission on Illumination (CIE) in a very general way, as the “sum total
of all adverse effects of artificial light” [24]. In addition, man-made sky glow, which disrupts
astronomy research and harms natural ecosystems, has been briefly defined as: “part of the
sky glow that is attributable to man-made sources of radiation (e.g., outdoor lighting)” [25].

Sky glow, light trespass, glare, and over-illumination are four elements which produce
light pollution and directly contribute to the brightening of the night sky (they are well
described in the following research work [26]).

Although there exists definitions for pollutions that hinder astronomical observations,
such as visual light pollution (VLP) (referred to also as astronomical light pollution (ALP))
and ecological light pollution (ELP), these terms have not yet been officially recognised
by the CIE or any other organisation, nor are they used as legal terms. VLP describes
the impacts of artificial lighting that impairs the ability to enjoy the night-time view of
the starry sky; it also creates constant or temporary changes which degrade the natural
environment. ELP can be defined as a continuous or temporary increase in illumination,
changes in light spectrum which negatively impact terrestrial and aquatic ecosystems, or a
combination thereof.
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Figure 5. A worldwide composite image of the Earth. It reveals the extent of visible illumination at
night as observed in 2016. The effects of light pollution are clearly visible here. This includes sky
glow, which spreads far beyond the light sources that produce it. Source: NASA Earth Observatory
images by Joshua Stevens, using Suomi NPP VIIRS data from Miguel Roman, NASA’s Goddard
Space Flight Center.

Additionally, Outer Space has been previously defined as: “the physical universe beyond
the earth’s atmosphere” [27], however, this was before satellites and microsatellites were com-
mercially available and before they began to negatively affect astronomical observations.

The name of the zone of space where technological activities currently take place, in
various layers of the Earth’s atmosphere, sometimes referred to as Near-Earth Space [28],
has not been properly defined, as there is no clear boundary between Earth’s atmosphere
and Outer Space, and it may extend vastly further from the surface of the planet than was
previously thought [29].

All the above terms should constitute the concept of legal language, i.e., should
directly be used by the legislator in normative acts.

3. Research Methodology

This examination involved an in-depth assessment of published regulatory framework
in New Zealand to protect starry skies against light pollution from ground-based lighting
installations, and outer and near-Earth space technologies. This included international,
national, and local lighting guidelines, procedures, standards and codes, policies, and legal
acts.

4. Analysis and Discussion
4.1. New Zealand’s Regulatory Frameworks for Counteracting Light Pollution

There are some actions already being taken in New Zealand to prevent further degra-
dation of the night from light pollution to preserve the country’s starry skies and nocturnal
landscape for future generations to come [30], and they take the form of international,
national, and local guidelines, procedures, standards and codes, policies, and legal acts, as
identified in Table 1.
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Table 1. Existing examples of regulatory frameworks in New Zealand to protect stary skies from light pollution created by

ground-based lighting installations as well as Outer and Near-Earth Space technologies. Source: authors’ elaboration.

Category Year Name Type
CIE 001-1980. Guidelines for minimising urban sky glow near
1980 astronomical observatories, by the International Commission on International
Illumination (CIE) and the International Astronomical Union (IAU)
1997 CIE 126-1997. Guldehnes.fo‘r minimising sky glow, by the International International
Commission on Illumination (CIE)
CIE 150:2017. Guide on the Limitation of the Effects of Obtrusive Light
Guidelines 2017 from Outdoor Installations, 2nd Edition, by the International Commission International
on [llumination (CIE)
Best Practice Guidelines for Compliance, Monitoring
2018 and Enforcement under the Resource Management Act 1991, by the National
Ministry for the Environment
2019 CIE 234:2019. A Gulde to Ur‘t')ar} Lighting M'aaste}rplannlng, by the International
International Commission on Illumination (CIE)
2020 Guide to District Plan lighting rules on Rakiura/Stewart Island Local
Model Lighting Ordinance (MLO)—User’s Guide, by the International
Procedures 2011 Dark-Sky Association (IDA) and Illuminating Engineering Society of International
North America
Code of Practice for City Infrastructure and Land Development
2009 Engineering Standards Manual, Section 9 Public Lighting by The Local
Waitakere City Council
Australian/New Zealand Standard AS/NZS 1158:2015.
2015 Lighting for roads and public spaces by Standards Australia and Standards National
Standards New Zealand
and Codes
Australian/New Zealand Standard AS/NZS 4282:2019. Control of the
2019 obtrusive effects of outdoor lighting by Standards Australia and Standards National
New Zealand
Civil Aviation Rules. Part 101 Gyrogliders and Parasails, Unmanned
2021 Aircraft (Including Balloons), Kites, and Rockets—Operating Rules by the National
Civil Aviation Authority of New Zealand (CAANZ)
2005 General Policy for National Parks by the New Zealand Department of National
Conservation for the New Zealand Conservation Authority
Conservation General Policy by the New Zealand Department
2005 of Conservation National
. for the New Zealand Conservation Authority
Policy
New Zealand National Coastal Policy Statement (2010) Policy 13
2010 Preservation of natural character by the New Zealand Department National
of Conservation
The Artemis Accords: Principles for Cooperation in The Civil Exploration
2021 And Use Of The Moon, Mars, Comets, And Asteroids For Peaceful Transnational
Purposes by NASA /US and the New Zealand Space Agency
Treaty on Principles Governing the Activities of States in the Exploration
1967 and Use of Outer Space, including the Moon and Other Celestial Bodies Transnational
(Outer Space Treaty) by the United Nations Office for Outer Space Affairs
Legal Acts 1981 The Mackenzie District Lighting Ordinance Local
1991 Resource Management Act 1991 by the Government of New Zealand National
2015 Environmental Reporting Act 2015 by the Government of New Zealand National
2017 Outer Space and High-Altitude Activities Act 2017 (2017/29) by the National

Government of New Zealand
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4.1.1. Light Pollution from Ground-Based Installations

In New Zealand, the Resource Management Act (RMA) 1991 [31] now acts as the
main legislative umbrella over resource use and environmental matters (land use resource
management goals and methods for achieving these). Although, since its introduction,
numerous amendments have been made. The Act delegates administrative responsibility to
Regional and District Councils. Regional Councils are required to prepare policy statements,
which communicate the resource management issues within their areas. Both Regional and
District Councils then devise plans, which provide the rules and strategies to facilitate the
specific aims of the regional policy statement [32].

Under the RMA, decision-making about environmental issues is mostly left to local
councils and their communities. There are plenty of ways for the public to be involved in
what occurs. For instance, when councils create, amend, or vary plans, they are required to
gather input from their communities. Councils also need to ensure the community has the
chance to provide input into resource consent decision making, where appropriate. This
means that local councils and their communities can directly be involved in environmental
decision-making, as the RMA gives them the right to do so.

Local lighting ordinances are also a crucial tool for setting reasonable limits on light
pollution. Once created, towns and cities can adopt and enforce them to conserve energy,
and to help reduce light pollution.

The first lighting ordinance in New Zealand was created in 1981 and was incorporated
into the Mackenzie District Plan. It is now part of the Resource Management Act [33]. It
was the lighting ordinances and the success of astrotourism which helped to protect the
night sky above the townships of Takap6 (Tekapo), Mt Cook, Twizel, and Fairlie within the
International AMIDSR, with the approval for the installation of phosphor-converted amber
(PCA) 2200 K LEDs in the recent LED retrofit. Other recognised IDA Dark Sky places in
New Zealand, such as Rakiura (Steward Island), are also integrating lighting guidance in
the form of local policy in their long-term district plan [34]. The Wairarapa region [35],
Selwyn district [36], as well as townships such as Naseby [37], Kaikoura, Oxford, and West
Melton are also implementing similar changes, and more are following suit. Although
the Central Otago region does not yet have any official IDA recognised destinations, the
Central Otago District Council (CODC) has taken steps to establish its own Public Spaces
Lighting Policy [38].

Another good example of citizen action is the city of Dunedin. Despite having no
lighting ordinances, the consistent grassroots efforts of the Dunedin Dark Skies Group
to protect ecology and the nightscape resulted in the city rejecting the formerly planned
4000 K LEDs. Instead, the council made a special business case to the NZTA for 3000 K
for most of the city, and the Otago Peninsula and the small coastal towns north of the city
installed PCA 2200 K LEDs. The protection of ecology via LEDs that emit lower amounts
of disruptive, light polluting blue wavelengths of light was a first for New Zealand [39,40].

For astronomical sites, there are specific guidelines from the International Commis-
sion on Illumination (CIE) CIE 001-1980 [41], CIE 126-1997 [42] and CIE 150:2017 [43],
which define specific approaches to minimise light pollution, especially sky glow around
astronomical observatories, and to also limit the effects of obtrusive light from outdoor
installations. However, these were created with older light sources in mind, not light-
emitting diodes (LEDs), which are a new lighting technology. These new light sources are
far brighter due to their excess luminance and they also emit broad spectrum light, which
cannot be filtered out of images taken by astronomers. Furthermore, LEDs contain higher
levels of light polluting short blue wavelengths of energy, which can bounce back from
the ground to then scatter in the atmosphere, increasing light pollution, which negatively
impacts astronomical observations [44].

For decades, the township of Takapo (Tekapo) used low-pressure sodium (LPS) lamps
to protect astronomical research undertaken at Mt John observatory, and the only new LED
equivalent that currently exists that has a similar spectral power distribution is narrow-
band amber (NBA). Unfortunately, in comparison to the older LPS, which are being phased
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out, quality NBA luminaires are currently costly and not widely available. Acceptable
replacement LEDs for LPS should also have special optics to mitigate excess luminance and
non-uniform distribution, and appropriate lighting levels must be applied as well, so LED
retrofits do not add to or increase unnecessary light into the environment and atmosphere.

There are also New Zealand lighting standards, e.g., AS/NZS 1158:2015 [45], which
addresses technical lighting parameters and requirements, which must be fulfilled for
designing lighting for roads and public spaces, as well as the AS/NZS 4282:2019, which
provides guidance to control the obtrusive effects of outdoor lighting. It is worth noting
the Waka Kotahi New Zealand Transport Agency (NZTA) has also created the following
guidelines in their document M30 Specification and guidelines for road lighting design [46], in
which they state that all lighting applications must demonstrate adherence to the principles
of the International Dark-Sky Association (IDA). There appears to be a misunderstanding
about this, as they continue to recommend LED light sources that have a correlated colour
temperature (CCT) of 4000 K, and not 3000 K or below, as was recommended by IDA
until February 2021. It is crucial to understand that the IDA has now improved and
updated their guidance. This not only reflects mounting research about the potential harm
caused by broad spectrum LEDs, but it also acknowledges the increasing demand for safer,
responsible lighting, as well as the wider availability of luminaires that have a much more
appropriate spectral power distribution (SPD). This means the IDA now recommends
outdoor lighting of 2200 K and below, combined with other important criteria to mitigate
light pollution [47].

Furthermore, the latest edition of the NZTA’s M30 list of approved luminaires (March
2021), which councils had to choose from by 2021 in order to receive substantial funding
(85%) [48], only includes cool white LEDs from 3750-4250 K [49]. There are no approved
phosphor-converted amber (PCA) LEDs or filtered LEDs (FLED), nor are there any NBA
LEDs on this list. While councils were able to make a special business case to the NZTA
for more appropriate, dark sky compliant LEDs, the majority were unaware that this was
possible. Unfortunately, these failures have generated much confusion for decision-makers
and contractors, as well as effectively stymying local efforts to protect the dark night sky
(and ecology) in places including Christchurch, Kaikoura, Geraldine, and Oamaru, as well
as the small town of Naseby, which had full community support for 2200 K.

Existing lighting ordinances, best lighting practices, and local district policy to protect
the nocturnal landscape and the night sky in certain places in New Zealand, can and
should be widely adopted elsewhere in the world, because the numerous problems of light
pollution, involving sky glow, light trespass, glare, and over-illumination, can be addressed
in the same way.

Most importantly, responsible lighting provides many benefits, such as saving energy,
supporting human health and the biodiversity of ecosystems, being better for the environ-
ment, improving safety, enhancing life quality, and making communities more liveable.

This is a practical and functional way to reduce the adverse harm and impact of
ALAN, whilst making urban spaces safer and more user-friendly, and protecting rural and
pristine natural areas.

Furthermore, unlike other environmental pollutants that are difficult to remove, re-
sponsible lighting can make an immediate and significant improvement. This involves
choosing the most suitable light source or sources, using fully shielded, full cut-off fixtures,
positioning them carefully to direct light only to where it is needed, keeping lighting levels
low, limiting the number of light sources to avoid over-lighting, ensuring lighting is evenly
and softly dispersed, only operating lights when they are required, applying curfews,
automatic sensors and timers, choosing light sources that have a safer colour spectrum
(2200 K), and, when possible, avoiding white LED light sources that emit disruptive blue
wavelengths of light. These steps combine to help ensure lighting is safe, appropriate, and
well-controlled.
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4.1.2. Light Pollution from Outer and Near-Earth Space Technologies

Access to a pristine night sky is at risk of being lost if corrective measures are not taken,
because New Zealand is also experiencing a boom in another area: that of space technology.
According to reports, New Zealand is the fourth largest player in the world [50]; indeed, the
space industry has provided 12,000 jobs and earned $1.75bn for the New Zealand economy
in the 2018-2019 financial year [51]. Unless effective remedial measures are made, satellites
could soon outnumber many visible stars, not only in New Zealand, but all around the
world, as they constantly orbit the Earth [52].

The basic legal framework of international space law ratified in 1968, by New Zealand,
is the Treaty on Principles Governing the Activities of States in the Exploration and Use of
Outer Space, including the Moon and Other Celestial Bodies (Outer Space Treaty) by the
United Nations Office for Outer Space Affairs [53]. Article IX states that: “States Parties to
the Treaty shall pursue studies of outer space, including the moon and other celestial bodies, and
conduct exploration of them so as to avoid their harmful contamination and also adverse changes in
the environment of the Earth resulting from the introduction of extra-terrestrial matter and, where
necessary, shall adopt appropriate measures for this purpose”. In this case, light pollution should
be seen as a harmful contaminant because artificial light causes adverse changes to the
Earth’s atmosphere [54,55].

Until recently, New Zealand did not have any national space law concerning activities
in Outer Space, such as exploration and its use. In order to create space policy and regula-
tion in this area, the NZ Space Agency was created in 2016, as the lead government agency.
In 2017, the government of NZ established the Outer Space and High-altitude Activities
Act, in order to regulate, through licences or permits, launches into outer space, launch
facilities, high-altitude vehicles (HAVs) and payloads. However, there is no mention in
this Act of the impact that such activities may have on the night sky and astronomy [56,57].
In 2021, a high level policy document called the Artemis Accords: Principles for Cooper-
ation in The Civil Exploration and Use of The Moon, Mars, Comets, And Asteroids For
Peaceful Purposes was signed by NASA /U.S. and the New Zealand Space Agency, which
establishes a practical set of principles to guide space exploration cooperation among
nations participating in NASA’s 21st century lunar exploration plans [58]. Of its points, one
addresses the avoidance of the “harmful contamination of outer space and/or adverse changes
to the Earth’s environment resulting from the activity”. Moreover, Maori interests and values
have been motioned: “Knowledge of outer space, known as tatai arorangi, is a fundamental
aspect of matauranga Maori. It features significantly in Maori indigenous knowledge and values,
such as whakapapa, which provides that our genealogical origins are linked to the beginning of the
Universe; kaitiakitanga, which requires guardianship of outer space and protection of its resources;
and wairuatanga, which is focused on the spiritual connection between the Earth and the universe
derived from Maori cosmology ... ” [59]. Thus far, it also seems that there is no impediment to
enacting a policy such as this, because there is nothing in the law expressly prohibiting it.

Another regulatory framework by New Zealand’s national aviation authority, the
Civil Aviation Authority of New Zealand (CAANZ), defines the use of unmanned aerial
vehicles (UAV), such as drones [60]. Currently, they are only allowed to be flown during
the day, but this might soon change if the popular use of drones for large light show, as
seen overseas, continues unchecked.

The above analysis highlights that existing prevention measures to counteract man-
made light pollution is ineffective. Although ground-based installations are sometimes
regulated by separate legal acts of statutory rank, ordinances, urban lighting masterplans
adopted by the local authorities, and environmental and nature protection legislation [61],
further inquiry and scholarly work is required to address the existing gaps.

Of note, the United Nations acknowledges that terrestrial light pollution is within
the remit of its Committee on the Peaceful Uses of Outer Space (COPUOS), as it solicited
a report on the subject, along with satellites and radio astronomy interference, from the
astronomy community in 2020 [62]. The severity of light pollution has elevated concerns to
a level where dedicated, systematic policy approaches are exigent. It is no longer sufficient
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to house light pollution regulations within environmental policies or land use ordinances.
There is now substantial evidence to support this conclusion.

4.2. Aspects Requiring Broader Investigation and an Action Plan for Improvement

There are five critical aspects where broader investigation and an action plan for
improvement are urgently required in New Zealand and beyond, as light extends well
outside national borders. Some topics have been addressed in the Declaration in Defence
of the Night Sky and the Right to Starlight known as the La Palma Declaration, which was
proclaimed in 2007 in La Palma, Spain [63].

4.2.1. The Impact on the Visibility of the Dark Night Sky, and Celestial Bodies as an
Ancestral Global Commons

New Zealand is home to the indigenous Polynesian people (Maori), whose cultural
heritage has a strong association to, and extensive astronomical knowledge of the night sky,
including the Moon, planets and the stars [64] (Maori astronomical knowledge is known as
tatai arorangi [65]). This understanding is skilfully integrated into several aspects of their
traditional lives and cultural practices [66-68].

As the visibility of celestial bodies (starlight) and Galaxies such as the Milky Way,
which can be seen using the naked eye, are considered a natural resource of immense
historical and cultural significance to this native group, it is of the utmost importance to
protect it from progressive degradation. This involves reducing the levels of light pollution
that originate from urban settlements, as well as farming, abattoirs, and the dairy industry
in rural areas.

It is now also believed that observations of the night sky and the right to starlight
is an indispensable part in the progress of all cultures and civilisations, as stated in the
2007 La Palma Declaration, which says: “The right to an unpolluted night sky that allows the
enjoyment of the contemplation of the firmament should be considered an inalienable right of
humankind equivalent to all other environmental, social, and cultural rights, due to its impact
on the development of all peoples ... ” [69]. Until today, no country has enacted La Palma
Declaration’s recommendations into law. The United Nations has taken no further action
on the recommendations. Can any of this make a difference if the world does not choose to
embrace it?

Respect for starry skies and preservation of the nightscape is now more urgent than
ever as Matariki becomes a public holiday. If guidelines are not put in place to ensure that
celebrations that value the darkness required to actually see this small constellation, and
to uphold the fact that respect for the night is part of Maori culture and heritage, New
Zealand risks further disconnection from these precious assets. This lack of awareness has
already been demonstrated by Christchurch recently announcing in the media that parts
of the city will be lit up with lighting installations, projections, illuminated artworks and
fireworks. (The name of the event, Tirama Mali, translates to illuminate or bring light, and it
will be the city’s first lighting event held specifically to coincide with Matariki) [70]. In the
near future, it is also highly likely that drone light displays could be involved in similar
such events.

4.2.2. The Impact on Professional and Amateur Astronomical Observations

New Zealand'’s observatories benefit from their location. (1) There is a relative lack of
large observatories in the Southern Hemisphere in comparison to the Northern Hemisphere
(the world needs New Zealand'’s observatories, to increase the coverage of targets at high
southern declinations, and to allow some to be dedicated to the long-term monitoring of
such fields); (2) for studying (or discovering) targets that vary in brightness or spectrum
with time; New Zealand’s longitude gives important phase coverage as the Earth rotates,
filling the gap between the Hawaiian and Australian observatories. (E.g., it was for this
reason that the famous Supernova SN 1987A was independently co-discovered in NZ);
and lastly (3) New Zealand’s latitude makes the South Island one of the only land masses
outside of Antarctica from which the Aurora Australis can be seen and studied on occasion.
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(Latitude, being closer to the south pole than the ESO telescopes, means that the area of the
southern pole is closer to the zenith).

Moreover, due to the low population density, especially in the South Island, New
Zealand has really dark skies which are protected. Based on recent research, the global
satellite observable light emissions in New Zealand increased from 1992 to 2017 by only
10 percent [71].

Domestic astronomical observatories in predominantly dark sky sites add a high
impact to its professional astronomy output, which is confirmed in various discoveries
(listed below) and numerous scientific publications [72].

Professional astronomy has developed in New Zealand in the past fifty years; be-
fore that, this field dealt mainly with optical observations of the sky and therefore, the
discoveries of the XX-century in worldwide astronomical research were by amateur as-
tronomers using relatively small telescopes. The following examples of discoveries by
amateur astronomers show that New Zealand is in the forefront of astronomical education,
as it also has more amateur astronomical societies per head of population than any other
country [73]. John Grigg discovered four comets in the first decade of XX-century. He is
internationally known for his co-discovery of the periodic comet 26P /Grigg—Skjellerup in
1902 [74]. In 1910, David Kennedy and two seminarians used the Meeanee observatory
to take photographs of Halley’s Comet, which were among the best in the world [75].
Amateur astronomer Albert Jones discovered the comet C/1946 P1 in 1946 and in 2000, he
co-discovered, the comet C/2000 W1. In 1987, he co-discovered the supernova SN 1987A
in the Large Magellanic Cloud [76]. In 2009, Supernova 2009gj in NGC 134 was discovered
by another amateur astronomer Stuart Parker [77,78]. In 2005, Grant W. Christie and Jennie
McCormick, both amateur astronomers, caught the microlensing event OGLE-2005-BLG-
071 with their telescopes. Their recorded data, together with those of the professional
astronomers, confirmed a half-magnitude dimming of the background star caused by the
gravity of a planetary-mass object [79]. Moreover, there are many asteroid occultation
amateurs who contribute their findings to a world data bank and these data are used by
NASA to track asteroid traffic in the face of space launches and space probe orbits.

Of the most recognised astronomical research observatories in New Zealand, one is the
University of Canterbury Mount John Observatory (UCM]JO), previously known as Mt John
University Observatory (MJUO), established in 1965. It operates five large telescopes that
are in regular use. In June 2008, using the MOA-II telescope, the observatory discovered
the smallest planet known outside of our Solar System called MOA-2007-BLG-192Lb [80].
Recently, in 2020, an Earth-like planet was discovered by New Zealand astronomers [81].

Due to man-made light pollution from outdoor illumination, microsatellites, and
UAV’s such as drones, there is a high risk to the thirty astronomical observatories [69] that
exist in New Zealand, to perform their research in the future, encourage public engagement,
and to continue valuable outreach in the local community.

These new technologies use air space from the troposphere (0-10 km upwards) to
the stratosphere (10-50 km) for drones, and proposed stratospheric platforms to beam
5G signals to the Earth [82], and to also use the space above the stratosphere to deploy
thousands of mega-constellations of satellites in low-Earth orbit, to enable 5G [83,84].

The recent visual light pollution caused by thousands of these new satellites prevents
access to a naturally dark sky. Their invisible radio frequencies also threaten astronomy
research [85] and can even damage or destroy sensitive radio astronomy receivers [86].

Another issue is the popular new use of hundreds of drones for large theatrical
lightshows [87,88]. This means the “protection of the astronomical quality of areas suitable
for the scientific observation of the Universe must be given priority in national and international
scientific and environmental policies” [89].

4.2.3. The Impact on Public Health—Exposure to Artificial Light at Night (ALAN)

ALAN exposure is generally detrimental to human health [90], including one of
the most obvious issues of unwanted light trespass and spill light [91] from outdoor
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illumination into people’s homes, which adversely affects sleep [92]; however, drones
create another dilemma.

There are increasing reports of aviation accidents caused by drones [93]. Additionally,
one aspect which has not been given enough attention and concern are drones used for
large light shows and displays. Although the novelty factor is high for this new form of
entertainment, we need to weigh the negative consequences, and question whether this
use of technology is even necessary. Lighting at night needs to serve an important and
useful function due to its adverse impact on health, ecology, the environment, and the
night sky, which is why it is important to proceed with utmost caution, and rethink the
use of illumination for entertainment alone. If this form of lighting becomes commonplace
before effective regulations are established, it will be much harder to control and manage.

4.2.4. The Impact on Flora and Fauna

Research now confirms the adverse impact of ALAN at night on ecology, especially
on natural ecosystems and biodiversity [94,95]. All known behaviours, including feeding,
spawning, mating, nesting, navigation, and rest, as well as the flowering, fruiting, repro-
duction, and growth of plants, and the behaviours of microorganisms, can be disrupted,
which has a negative cascading effect upon biodiversity. Most importantly, we are still dis-
covering unexpected and vital links to darkness, light and behaviour, such as the fact that
dung beetles navigate using the low light levels of the Milky Way [96]. These discoveries
highlight the surprising degree of sensitivity many species have to ALAN.

In fact, ecologists explain that light pollution can be so faint it cannot be detected by
the human eye, yet it could still jeopardise the 60% of invertebrates and 30% of vertebrates
that are nocturnal and exquisitely sensitive to light [97]. Preserving the nocturnal land
and skyscape is particularly important in New Zealand due to the country’s unique native
flora and fauna, especially for nocturnal species. This includes many of the 1983+ different
types of moths [98], the kakapo (the world’s only nocturnal parrot), numerous species of
ngaokeoke (velvet worm) [99], korora (little blue penguin) [100], two species of pekapeka
(bats) [101], looper caterpillar [102], ruru owl [103], five species of kiwi [104], titiwai
(glowworms) [105] and 100+ species of wéta (large flightless crickets) [106], to name just
a few.

Reducing the pressure of manmade environmental burdens upon these species is
essential because many are endangered. In addition, even those that are not formally
classified as “endangered” are often under rapidly mounting environmental pressures, the
greatest of which, on a global scale is, climate change. Although light itself might not be
the sole cause of a species going extinct, it could very well be that crucial influence that
pushes it towards extinction.

Furthermore, many ecotourism ventures rely upon the existence of certain nocturnal
wildlife species to generate income; for instance, firefly tours around the world [107], and in
New Zealand, boat tours during the day to watch the Dusky dolphins near Kaikoura [108],
which are active at night when they prey for food. Furthermore, vulnerable migrating
nocturnal seabirds, such as the endangered New Zealand storm petrel, Westland petrel,
and the threatened Kaikoura titl (Hutton’s shearwater, which is the only seafaring bird in
the world to nest in sub-alpine environment), as well as many other species, are particularly
vulnerable to being attracted to ALAN, only to be then harmed or killed when they become
grounded due to the prevention of their natural flight patterns from man-made illumination
on land [109,110].

It is short-sighted for drones to be introduced into any environment where ecology is
already under threat [111,112], particularly when there are artists who already use drones
for creating light sculptures in dark environments, which impacts fauna [113]. Therefore,
“control of obtrusive light must be a basic element of nature conservation policies due to its impact
on several species, habitats, ecosystems, and landscapes” [114].
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4.2.5. The Impact on Degradation of Earth’s Near-Space Environment (Space Pollution)

Space pollution [115] is an accepted fact, with the slow degradation of this environ-
ment since 1957, and the launch of the first satellite [116]. There are currently more than
20,000 artificial objects in orbit above the Earth. These can be divided into two categories:
(1) functional objects in the form of operational satellites [117] and (2) non-functional objects
in the form of orbital debris, defined by NASA as “any man-made object in orbit about the
Earth which no longer serves a useful function” [118]. The latter category is already a serious
problem, as pieces in the form of non-functional spacecraft, abandoned launch vehicle
stages, mission-related and fragmentation debris, and other physical elements, such as
tools lost by astronauts in space, or even fragments from collisions etc., still orbit around
the Earth.

If this worrying issue is not resolved, researchers warn that there is the high risk of
losing orbital pathways around Earth used by artificial-satellites, as it will be impossible to
use them without catastrophic collisions [119]. These pathways in near-Earth Space are
economically important (it takes less effort, fuel, and expense to deliver the equipment
to this close orbit). The International Space Station (ISS) has already been forced to take
urgent action in order to avoid clashing with such objects [120] and there are more collisions
between smaller objects that are occurring on a regular basis [121,122].

5. Conclusions—An Urgent Call for Action

Due to the presented issues, an urgent call for action is required. Firstly, it is essential
to establish internationally approved regulatory frameworks to mitigate light pollution
from ground-based artificial light sources. As yet, there are no established methods to
physically measure light pollution, especially sky glow [123], and there are no legal re-
quirements to prevent it. Secondly;, it is necessary to establish internationally approved
regulatory frameworks to protect the night sky from the uncontrolled rapid develop-
ment of space technologies. The first attempt to try and obtain some global consensus on
this topic from various representatives of international organisations was in 2020, during
the Dark and Quiet Skies for Science and Society Workshop [124]. However, because of
the time it takes to create and establish international policy, it is unlikely an agreement
will be reached on restrictions in time to prevent the vast accumulation of debris in space
from LEO satellite megaconstellations. This might change if the UN acts immediately to
add Access to Dark Skies whilst reducing light pollution to the United Nations’ 17 Sus-
tainable Development Goals (SDG) [125] as a new goal. At the moment, the term light
pollution is not even mentioned in any of the existing 169 targets contained within the
17 goals [126]. This would allow for international litigation (the judicial resolution of claims
in the International Court of Justice) [127].

The idea of “democratising access to space exploration” [128] should not mean enabling
a Wild West of the XXI century. Rather, it should help pioneer a worldwide sustainable
approach to space exploration via international collaboration. For example, the initiative
promoted by the ESA [129,130]. It is critical to consider the adverse impact of future space
tourism. The many successful commercial tests demonstrate that this goal is not a distant
dream [131], and it is imperative that mankind act now to legally regulate this sector before
we face serious consequences.

Underlying all of this, however, is the necessity of obtaining support from the De-
partment of Conservation and the government in New Zealand, as a Dark Sky Nation
is congruent with, and supportive of biodiversity, sustainability, and wellbeing, which
strengthens New Zealand’s international image and reputation [132]. New Zealand cannot
have it both ways; both upholding nature as a priority but exploiting it in a destructive
and non-renewable way.

Guidance for external illumination has been provided by the IDA in the form of five
principles of responsible outdoor lighting (Figure 6), unfortunately, this only relates to
man-made illumination on the ground. It would be useful indeed, for the International
Astronomical Union (UIA) [133], together with the United Nations Office for Outer Space
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Affairs [134], to produce similar recommendations for the man-made light pollution that is
produced in Near-Earth Space and Outer Space, which is visible from Earth. These future
principles should then be adopted by governments worldwide and other intergovernmental
authorities, as well as private and public institutions.

In order to become a Dark Sky Nation, New Zealand should create national light
pollution law, which could be based on other countries’ efforts, such as France [135], Great
Britain [136], or Slovenia [137], as this would protect the natural environment and citizens’
rights against the abuse by other people or companies, etc. This general law could then be
supplemented by local lighting ordinances already in place, or be based on the IDA /IES
Model Lighting Ordinance [138].

LIGHT TO PROTECT THE NIGHT .
Five Principles for Responsible Outdoor Lighting Il][l[]]il];l[il’]g

ALL LIGHT SHOULD HAVE A CLEAR PURPOSE

Before installing or replacing a light, determine if light is needed. Consider how the
use of light will impact the area, including wildlife and the environment. Consider
using reflective paints or self-luminous markers for signs, curbs, and steps to reduce
the need for permanently installed outdoor lighting.

USEFUL

LIGHT SHOULD BE DIRECTED ONLY TO WHERE NEEDED

TARGETED Use shielding and careful aiming to target the direction of the light beam so that
it points downward and does not spill beyond where it is needed.

LOW LIGHT c LIGHT SHOULD BE NO BRIGHTER THAN NECESSARY
LEVELS - O ' Use the lowest light level required. Be mindful of surface conditions as some
° o surfaces may reflect more light into the night sky than intended.

USE WARMER COLOR LIGHTS WHERE POSSIBLE
COLOR

Limit the amount of shorter wavelength (blue-violet) light to the least amount
needed.

@ LIGHT SHOULD BE USED ONLY WHEN IT IS USEFUL
CONTROLLED Use controls such as timers or motion detectors to ensure that light is available
{é} when it is needed, dimmed when possible, and turned off when not needed.

Figure 6. Five Principles of Responsible Outdoor Lighting. Source: International Dark-Sky Associa-
tion [139].
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